The Vyhne Tidal Station of the Earth Science Institute of the Slovak Academy of Sciences is located in the former mining gallery of St. Anthony of Padua in the Vyhne valley,Štiavnické vrchy Mts., Central Slovakia. It is equipped with a 20.5 metre long quartz-tube extensometer measuring Earth's tides, and long-term tectonic deformations of the Earth's crust. Data between 2001 and 2015 with some diverse gaps were digitally collected, processed and analysed. The effects of the local conditions, such as structure of the observatory, cavity effect, topography and geological features of the surrounding rocks, were investigated in detail and these effects were taken into consideration during the interpretation of the results of the data analysis. Tidal analysis of the extensometric data between 2005 and 2015 revealed that the measured tidal amplitudes are close to the theoretical values. The tidal transfer of the observatory was also investigated by coherence analysis between the theoretical and the measured extensometric data. The coherence is better than 0.9 both in the diurnal and semidiurnal band. The effect of the free core nutation resonance was also investigated in the case of the K1 and P1 tidal components. Since the K1/O1 ratio was about the theoretical value 0.8, than the P1/O1 was between 1.0 and 1.15 instead of the theoretical value of 0.9. The rate of the long-term strain rate was also investigated and the obtained −0.05 μstr/y shows a good agreement with the strain rate inferred from GPS measurements in the Central European GPS Reference Network.
Introduction
In 1984 the Geophysical Institute of the Slovak Academy of Sciences in cooperation with the Institute of the Physics of the Earth of the Academy of Moscow installed an extensometer with photo-recorder in Vyhne, Slovakia (Brimich, 1988; Brimich and Latynina, 1989) for recording of Earth tide and recent tectonic movements. This instrument was mounted with the Hungarian capacitive transducer in 1996 (Mentes, 1991; 2008; 2010) . In this study the results of the analysis of the digitally recorded extensometric data between 2005 and 2015 are described. The effect of the fluid core resonance is also investigated on the basis of the tidal analysis of the data. The tidal transfer of the Earth-observatory-instrument system was investigated by coherence analysis. The data recorded between 2001 and 2015 were used for the investigattion of the local tectonic movements.
Tidal station in Vyhne
The Vyhne Tidal Station is located underground, in the gallery of St. Anthony of Padua in the Vyhne valley,Štiavnické vrchy Mts., Central Slovakia. The tidal station is close to the village Vyhne about 10 km from Banská Stiavnica (Fig. 1) . The geographical coordinates of the station are given in Table 1 . 
Geological setting
The geological situation in the wider surroundings of Vyhne village is depicted in Fig. 2 . The rock complexes are represented mainly by the basement rocks of theŠtiavnica stratovolcano and Neogene volcanic rocks (Konečný et al., 1998) . The basement is composed of Palaeozoic crystalline rocks and Mesozoic rocks (as cover and nappe units) and the Neogene intrusions. The crystalline rocks and their cover are part of the horst and tectonically belong to the Veporic unit -particularly the L'ubietová zone (Fusán et al., 1969) . They are flanked by faults with a NE direction. They are represented mainly by the tectonically faulted granitoids, the so-called Vyhne crushed granite (Šalát, 1954) , and by schists which, in analogy with the Veporicum crystalline rocks, probably represent the phyllonites. The Mesozoic rocks are represented by the Vel'ký Bok sequence of Triassic age. In the Vyhne area this sequence is stratigraphically incomplete -only some of the members are represented -especially the quartzites. The Mesozoic rocks are also, like the granitoids, intensively tectonically deformed and metamorphosed. These rock complexes are overthrusted by the Hronicum nappe unit, especially theŠturec nappe, represented in the studied area mainly by Early Triassic layered quartzose sandstones and Middle Triassic limestones and dolomites. The nappe was pushed onto the eroded surface of the Veporic unit at a later stage of the Alpine tectonics. This is manifested in the structural discordance and differences in metamorphosis. The volcanic rocks developed on the morphologically segmented base and are the product of stratovolcano activity in the Badenian. The Hodruša intrusive complex is represented mostly by granodiorite and diorite intrusions of Badenian age with the symptoms of contact metamorphism on the older rocks.
The intense tectonic movements in the Tertiary but also in the earlier periods caused the deformation and fracturing of rocks. The granites of Palaeozoic age resulted in ductile deformation, in which the granite passes into orthogneisses. In the Cretaceous the Palaeoalpine tectonics resulted mainly in the creation of mylonite zones. This tectonics caused an intense deformation and metamorphism. It is a reflection of compression tectonics associated with the thrusting of nappes. The youngest Neoalpine tectonics in the Tertiary period was in the brittle mode and is manifested through the reactivation of older faults. Horsts are also typical of the area. They are related to the extension tectonics in the Neogene and closely related to the evolution of volcanism. Apart from the vertical movements, the Tertiary period also resulted in horizontal displacements mainly in the NE direction. This direction is typical mainly for the strike-slip system in the entire West-ern Carpathians. The St. Anthony of Padua gallery was driven into the Palaeozoic age granites, which were disturbed tectonically on two occasions. The first motion caused the mylonitization of the granites. The others tectonic movements were accompanied by young intrusions and mineralizations in the tectonically modified medium (Brimich, 1988 (Brimich, , 2006 Dudášová, 1998) .
At the distance of 43 m from the passage entrance ( Fig. 3) there is a distinct penetration of young dacite, striking N-S in to ancient granites. The recording chamber is located beyond this penetration in comparatively well preserved granite. A vein zone with milonite and quartz lenses runs the length of the passage.
The relative depth of the location of the extensometer in the gallery is 50 m. Fig. 3 shows the sketch of the observatory and the geological settings of its near surroundings (Brimich, 1988) . The temperature in the gallery is 6.8 • C. The seasonal temperature changes are less than ±0.04 • C. The Fig. 3 . Sketch of the tidal station in Vyhne. 1 -granite zone with mylonites and quartz; 2 -Neogene Dacite; 3 -ancient zone in granite; 4 -granite (Vyhne ancient granitePalaeozoic); 5 -fault; 6 -fault with its slope; 7 -location of instruments (a -tiltmeter chamber, b -chamber for recording instruments, c -extensometer); 8 -walled-up areas; 9 -entrance to gallery (Brimich, 1988) .
relative humidity in the gallery is about 80%. Fig. 4 shows the entrance to the observatory. The station is currently equipped with a quartz-tube extensometer measuring the long-periodic (Earth's tides, annual temperature variations, etc.) and aperiodic (tectonic) deformations of the Earth's crust. Since the end of 2005 the station has been equipped with an α-particle counter to monitor the Radon emanation. At the beginning of 2006, a radio-frequency telemetric link connecting the seismological and tidal stations was established. With the satellite data connection of the seismic station Vyhne with the headquarters of the Geophysical Institute provided earlier, the data route from the tidal station's datalogger to our Bratislava workplace is now complete. Thus, the data acquisition process can be controlled better and the dropouts of data are prevented or minimized.
Construction of the quartz-tube extensometer
The length of the extensometer is 20.5 m. It is assembled from quartz tubes with a length of 2 m. The diameter of the tubes is 45 mm and their wall thickness is 2.5 mm. The jointed tubes are suspended by invar wires (diameter: about 20 μm) on supports (Fig. 5 ) which are about 2.5 m apart. One end of the extensometer is fixed to the bed rock by means of a stainless steel dowel fixed by concrete in a hole drilled in the bedrock. A magnetostrictive actuator is joined to the other end of the dowel. The jointed quartz tubes are fastened to the other side of the magnetostrictive actuator which can move the quartz tube and serves for the regular daily calibration of the instrument. The displacement of the tube's free end relative to the bedrock is measured by a capacitive sensor. Since the scale factor of the built-in magnetostrictive calibrator and the capacitive sensor can be changed in time a regular calibration of the instrument is necessary. The idea of this calibration method developed in 2006 is very simple. It is a second capacitive sensor which can be regularly calibrated in a laboratory by a laser interferometer while the extensometer can continue working without a break. The difference between the portable and the fixed capacitive sensor is that the standing plates of the portable capacitive transducer are mounted on the free end of a magnetostrictive actuator, as shown in Fig. 6 . One end of the magnetostrictive actuator is fixed to a rigid and very stable base plate. The other end of the actuator holds the two outer plates of the capacitive transducer, while its middle plate is fastened to the quartz tube of the extensometer. Thus, the magnetostrictive actuator can move the outer plates of the differential condenser relative to the middle plate and the displacement can be measured by the capacitive transducer. During in-situ calibration (Fig. 7) , the displacement of the free end of the extensometer is simultaneously measured by the portable calibrator and the capacitive sensor of the extensometer. The portable calibrator records both the impulses of the built-in magnetostricive actuator of the extensometer and its own magnetostrictive actuator. Comparing the magnitudes of the two impulses, both the scale factor of the extensometer and the magnitude of the displacement of the built-in magnetostrictive actuator can be determined (Mentes, 2010). 
Tidal analysis
Since several short and long gaps accrue in the recorded extensometric data between 2001 and 2015, only the minimum yearly long continuous data were subjected to tidal analysis. The data were recorded with a sampling period of 10 minutes. These data were spike and step corrected and after this procedure the data were calibrated with the calibration factor obtained from the in-situ calibration in 2006. The calibrated data were decimated to1 sample/hour for the tidal analysis with the ETERNA 3.40 program (Wenzel, 1996) . Since the air pressure was not measured in the tidal station, the extensometric data were only corrected for the temperature and ocean load. The amplitude factors obtained for the years 2006, 2013, 2014 and 2015 are shown in Table 2 . The effect of the correction of the extensometric data for temperature and ocean load (Earth model: Gutenberg-Bullen Model A average Earth (gbcont); ocean model: csr4.tr, local model: Mediterranean) is shown in Fig. 8 for the year 2015. The difference of the amplitude factors from one can be explained by local effects (e.g. topography, cavity effects, etc.) and the lack of the correction of the extensometric data for air pressure (Bednárik et al., 2001; Brimich, 2006) .
Preliminary investigation of the Free Core Nutation
The Free Core Nutation (FCN) was investigated on the ratios of the amplitude factors K1/O1, P1/O1 (Boyarsky et al., 2003; Brimich, 2006) . For the preliminary investigation we assume that the extensometer is situated in the east-west direction, so we calculate with the EW strain components.
The theoretical values of the amplitude factors:
The results are summarized in Table 3 . The deviation of the calculated values from the theoretical values originates probably from the fact that the extensometric data were not corrected for air pressure, the direction of the instrument deviates from EW and from the disturbing local effects. 
Investigation of the tidal transfer of the Earth -observatory -instrument system
According to Fig. 5 , the bedrock between the two ends of the extensometer is also part of the instrument, so the quality of the extensometric measurements depends on the quality of the bedrock in the surroundings of the instrument. Discontinuities in the rock cause defective functioning of the instrument. The quality of the observation site was checked by coherence analysis and tidal evaluation of the measured data. Tidal forces deform the solid Earth and this deformation is measured by extensometers in deep observatories built mainly in the bedrock, where the temperature is stable enough for a highly sensitive instrument. The measured tidal deformation is influenced among others by cavity and topographic effects and by the movements of the lithosphere plates. Due to the variation of temperature and air pressure, the rock deforms in the surroundings of the observatory, and the variation of these meteorological parameters has a direct effect on the instrument (Fig. 9 ). This latter can be neglected in the case of the extensometer in the Vyhne Tidal Station. Coherence analysis was used to test the observatory extensometer system. As input signal, the theoretical tide was always applied and was calculated by the PREDICT program of the ETERNA 3.40 tidal analysis program. The co- Fig. 9 . Earth -observatory -instrument system. herence analysis was repeated by taking the following measured data series as output signal: raw data, data corrected for barometric effect, and data corrected for both air pressure and temperature, where corrections were calculated by linear regression. The coherence function in Fig. 10 shows that the tidal transfer in the semidiurnal band is one and in the diurnal band is somewhat smaller than one. The reason for that is not yet known. 
Long-term extensometric record -recent tectonic movements
The fifteen-year long extensometric record is shown in Fig. 11 . The gaps in the record are partly of instrumental origin (e.g. data logger was out of range) and the large distance between the observatory and the institute. After the installation of the on-line data acquisition the data series have much smaller gaps. To determine the average yearly rate of the tectonic movements a linear regression line was fitted to the measured extensometric data. The obtained strain rate is 0.038 μstr/year (relative deformation: 0.038·10 −6 ) in the direction of the azimuth of the instrument. This local strain rate measured by the extensometer was compared by the strain rates determined by permanent and epoch-wise GPS measurements (CEPER, CEGERN, SGRN, TATRY, EMO) in Slovakia (Hefty, 2010) . Fig. 12 shows the direction and the magnitudes of the horizontal displacement velocities at the GPS stations. It can be seen that the velocities are small in the vicinity of Vyhne. The surface extension inferred from the horizontal velocities range from 8 to 45 nstr/y and in the vicinity of Vyhne is between 20 and 30 nstr/y (0.030 μstr/y). The extension rate measured by the Vyhne extensometer coincides very well with the values obtained also for the whole Pannonian-Basin (Bada et al., 2007; Grenerczy et al., 2000) and the strain rates obtained by Dudášová (2005) for the years 1991-93.
Conclusions
The results show that in spite of the long-term extensometer data being disturbed by local effects, the obtained tidal parameters are good, especially in the semi-diurnal band. The measured tectonic strain rate is in good accordance with the values inferred from GPS measurements. The results of extensometric measurements in tidal domain have shown that the calibration accuracy of the extensometers increases by the in-situ method especially when the rising and falling edges of the displacement pulses are determined accurately. It can be achieved by applying a high record speed for the photorecorder. The other possibility is to use a function generator to energize the magnetostrictive coil by a sinusoidal calibration current. In this case the disturbing drift effect can be eliminated by applying a suitable frequency. The frequency characteristics of the extensometers appear to be determined by this method, too.
The tidal deformations are characterized by small positive anomalies. The positive anomalies dominate in the regions which are characterized by the high heat flows. The neighbourhood of the tidal station Vyhne is such a region (Hlavňová et al., 2015) .
